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ABSTRACT 



Dec»rative ionomeric surfaced film and sheet (e.g., multi- 
layer co-extruded polymer) and articles made therefrom 
(e.g., automotive panels and paru) exhibiting good weath- 
erability, mar resistance, and surface appearance of a high 
quality automotive finish (including color, haze, gloss, and 
DOI) and economical process for making (e.g., co-exliu- 
sion) and using (e.g., thermoforming and injection badcfiil- 
ing) the same. 
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MUmLAYER, CO-EXTRUDED, lONOMERIC 
DECORATIVE SURFACING 

CROSS-REFERENCE TO RELATED 
APPUCAHONS 

[0001] Applicant claims the benefit of priority to provi- 
sional application 60A 97,275 filed Apr. 14, 2000, herein 
incoiporated by reference. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to cnultQayer, co- 
extnided, ionomeric thermoplastic sheet and film, articles 
manufactured with a decorative surface of such sheet and 
fihn, and processes for making shaped articles having a top 

surface of decorative ionomeric film. 

[0004] 2. Description of the Related Art 

[OOOS] To describe the background of the present inven- 
tion in this section and various components used in the 
invention, various patents are referenced. Each of these 
patents is incorporated herein by reference. 

[0006] There is an increasing need, particularly in the 
automotive industry, for panels and parts made of polymer 
materials. Use of such polymer panels and parts provide 
numerous benefits. For example, weight of the finished 
assembly is reduced (important for automobiles), capital 
costs associated with plastic are bwer than with metal, 
styling freedom is increased (important in automotive indus- 
try where there are more and more model demands), and 
manufacturing (plastic tooling) costs are lowered. 

[0007] Use of such parts and panels, however, has been 
limited by various problems. Typically, polymer surfaced 
panels do not present a surface appearance comparable to a 
high quality automobile finish or do not provide a good 
bonding surface for the paints needed to achieve the high 
quality finish. Furthermore, high quality painting can be 
costly and present significant environmental, as well as 
safety and health problems, partiodarly those associated 
with volatile organic carriers used in paints. Other concerns 
with polymer parts include suitable properties and durability 
of those properties with extended outdoor exposure, includ- 
ing high gloss appearance, impact strength, high temperature 
properties (e.g. tensile strength and dimensional stability), 
low temperature properties, dur^ility, scratch and mar 
resistance, and distortion of appearance at weld lines and 
with complex parts such as those made with deep draw. 
Attempts to solve these problems have met with mixed 
success. 

[0008] Producing a surfacing film with paint like appear- 
ance has experienced limited success due to problems in 
processing films onto articles and unattractive economics for 
films in replacing paint. Fashioning a surfacing (skin) film 
system that can replace paint appearance is challenging 
since the film is required to meet many ^ecifications 
including appearance that is .similar to paint in both solid and 
metallic colors. In metallic paint application, a special effort 
must be made to control the size of the effect particles and 
the particles' orientation in painted surfaces in order to 
exhibit the desired metallic appearance. Flat or higher aspect 
ratio (length to thickness) effect particles in paint formula- 



tions are applied in ways to obtain a flat or parallel orien- 
tation wtb the surface. A variable characterizing this particle 
orientation in paint is called flop, and is calculated from 
color measurements (L values) obtained at different angles 
from the light source. Duplicating this metallic appearance 
inexpensively with a polymer surface skin system that has 
the other necessary surface attributes of high gloss, durabil- 
ity in outdoor exposure, chemical resistance, impact resis- 
tance, layer adhesion, tcmperatxire resistance and other prop- 
erties has met very limited success based on a very small 
decorated surface market share for plastic colored skins. 

[0009] Decorative composite surfacing films made from a 
liquid solvent or dispersion system such as those disclosed 
in U.S. Pat. Nos. 4,810,540; 4,931,324; 4,943,680; and 
5,342,666 have been used. Dry paint transfer products such 
as those Uught in U.S. PaL No. 5,707,697 have been used. 
U.S. Pat. No. 5,985,079 teaches melt extrusion coating as a 
zero-solvent approach to clear coat production and co- 
extrusion as an approach to base coat^clear coat production 
for certain colors. EP 0 949 120 Al presents a flexible, 
weatberable decorative sheet material that has an extruded 
base layer with a clear outer layer of extruded film as an 
overlay. A color adjustment layer of printing ink can be 
included between the base layer and the clear coat. 

[0010] Reissue of U.S. Pat. No. 5,514,427 (Re. 36,457) 
purports to solve the problems presented by the PVC and 
filins such as the Tedlai® films marketed by E.I. du Pont de 
Nemours and Company through the use of a substantially 
molecularly unoriented cast polymer film prepared by liquid 
casting methods. Typically these liquid cast films require 
multiple step processes to provide sheet attributes suitable 
for thermoforming and adhesion properties for injection 
cladding, as surface skins that provide a paint-like appear- 
ance. Often in these films, the polymer, pigment and effect 
particles are cast onto a high gloss film from a solution 
followed by solvent evaporation. In other film constructions, 
the pigment and effect particles may be printed onto the 
surface in order to provide the desired metallic effect ori- 
entation and appearance such as provided by a paint. Often 
though these films are not commercialized due to uneco- 
nomical cost in materials or processing or deficient attributes 
such as appearance degradation after thermoforming due to 
the thin pigment carrying layer or the thin pigment layer 
streaking after elongation. 

[0011] Another approach has been to make a "solid" part 
with molded-in color. Bexloy®W automotive engineering 
resin, a blend of ionomer and polyethylene sometimes 
reinforced by glass fiber, marketed by E.I. du Pont de 
Nemours and Cbmpany, for instance, has found increasing 
use in molded parts such as automobile bumpers. Solid color 
can be incorporated into the material, but success in incor- 
porating metallic colors has been limited. Also, paint adher- 
ence to Bcxloy®W resin is poor and paint application that 
requires use of high temperature paint baking ovens (Origi- 
nal Equipment Manufacturing "OEM** Painting) is not fea- 
sible since Bexloy®W lacks suitable high temperature prop- 
erties. To enhance mar resistance, a light grain is typically 
applied to this material resultii^ in a loss of "Distinctness of 
Image" (DOI), a key index used to evaluate the perceived 
quality of an exterior finish in the automotive indusuy. 

[0012] Another "solid" material that has been used is 
Surlyn® Reflections Series® resins, an ionomer-polyamide 
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blend, marketed by E.I. du Ponl de Nemours and Company. 
Molded parts made from this engineering material retain 
important performance characteristics of the Bexloy®W, 
have high gloss exhibiting DOI's at least comparable to the 
best of paint finishes on smooth or "Class A" surfaces, 
particularly DOI's over 80 and as high as 90 to 95. Solid and 
metallic colors can be incnrporated and parts can be painted. 
Hi^ temperature properties are sufficient to permit OEM 
Painting without the need for special jigs or hangers to 
mainlain part shape during the bake step. See U.S. Pat No. 
5^66,658. 

[0013] By molding in color, certain capital, operating, and 
poUuiion abatement costs, particularly those associated with 
paint and solvent systems, can be eliminated. The solid parts 
have more durability and exhibit fewer defects as a result of 
weathering, chemical attack, and chipping than painted parts 
in use. However, they can exhibit splay, ghosting, flow lines 
and, in the case of a flake or particle with an aspect ratio, 
"metallic flow lines" which are often objectionable flow 
induced visual imperfections that particles in the polymer 
highlight due to Ught reflection and scatter. Solid injection 
molded parts can be uneconomical since the higher value 
polymer that provides the desired surface attributes is typi- 
cally much thicker than needed to provide just the attributes 
of the surface, and in many cases the entire thickness of the 
part may be the higher vahie polymer. 

[0014] Japanese patent application (Kokai) No, SHO 
5 8(1 983)- 155 953, teaches the concept of making a lami- 
nated molding body with a polyolcfin layer and a surface 
layer made from a metal salt of an elhyleoe-a,p-unsaturated 
carboxylic acid copolymer having a glossy surface after 
lamination. Although the reference teach generally that there 
are no special limitation on the method used for laminating 
the base layer (polyolcfin) to the surface layer (ionomer) 
with or without an intermediate adhesive layer which 
included co-extnision, the working examples deal exclu- 
sively with hot pressing a commercial grade ionomer film 
(Surly n®Al 652) to a 2 mm thick polyolcfin sheet of 
polypropylene or ethylene-propylene block copolymer. 
Also, the fabrication of the case-shaped product involved 
preheating the laminated sheet and vacuum molding on the 
side opposite the die. No mention of multilayer, co-extruded, 
ionomer film or sheet and any advantage of the same is 
present in this prior art reference. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention generally relates to a multi- 
layer ionomeric thermoplastic sheet (skin) for surfacing 
polymer parts (or other substrates including metal) to pro- 
vide a high quality surface appearance, such as one suitable 
for interior or exterior automotive parts, appliance panels, 
general aviation applications and the like. The sheet exhibits 
a colored appearance similar to a surface which is painted 
with a solid color or a color containing particles that provide 
a "special efifect" to the appearance often referred to as a 
metallic paint appearance, llie novel methods of fabricating 
a part according to the instant invention using the decorative 
sheet involve both extruded monolayer and multilayer sheet- 
ing, particularly co-extruded, sheets having an ionomeric or 
tonomer-polyamide bleod top surface layer co-extruded onto 
a selected second polymer layer. Shaped articles made by 
tbcnnoforming multilayer co-extruded ionomeric sheets 
(particularly those having su£Scient thickness to be self- 



supporting), and articles formed by back-filling the decora- 
tive thermoplastic monolayer sheet or co-extruded sheet 
according to the methods of the instant invention have a high 
quality surface appearance comparable to a hi^ quality 
automotive paint finish. The present invention also provides 
methods for forming shaped polymer articles with the deco- 
rative sJdn sheet on the outer surface thereof. 

[0016] Among other features, the present invention allows 
reduced manufacturing cost, reduced material costs, and 
appearance enhancement through controlled partide orien- 
tation and combination of material clarity and translucent 
pigment use with efifect particles. In one embodiment, manu- 
facturing of shaped articles can be accomplished in fewer 
steps than conventional "dry paint film" by feeding the 
extruded thermoplastic sheet of the present invention, pref- 
erably preheated, directly into an injection cladding mold for 
back-filling from a roll of fiat sheet that hasn't been pre- 
formed. Sheeting of this invention reduces surface imper- 
fections such as ghosting, flow lines, and glass marks, and 
metallic appearance problems associated with injection 
molded parts. It overcomes the processing drawbacks of 
some fluoropolymer containing ^an films in deeper draw 
thermoforming such as streaking. The present invention 
allows great flexibiUty and improved economy in making 
parts with Class A surface by using backfill materials with 
the thermoformable surface sheet. Finished part properties 
and costs can be tailored by varying the backfill material, by 
adding stiffening or other components to the backfill mate- 
rial, by special processing of the backfilling material (e.g., 
foaming) or by trim or off quality material inchision in the 
backfill material. 

[0017] The decorative sheet of the present invention is a 
multilayer sheet wherein the top layer of the multilayer sheet 
comprises an ionomer or ionomer-polyamide blend. The 
thermoformable sheet can be made in a sheet multilayer meh 
extrusion process with pigment and flake particles in the 
surface layer or other layers of the sheet extrusion process. 
In the case of an ionomer surfaced sheet construction, a 
patterned or designed film or sheet can be extrusion coated 
with or laminated to the ionomer sheet with the design or 
pattern showing through. 

[0018] The process for making sheet with the ionomer or 
ionomer-polyamide blend surface layer overcomes deficien- 
cies and economic constraints of existing polymer based 
"paint films". Multilayer sheet co-extrtision processing pro- 
vides pigment carrying layers of sufficient thickness that 
they maintain appearance and hiding power following deep 
draw thermoforming, control of machine direction efiect 
partide orientatioo to allow satisfactory replication of paint 
appearance and one step processing (excluding subsequent 
themioforming, cladding, and/or trinuning steps etc.) which 
improves the economics for competition with paint systems. 

[0019] The shaped plastic article of the present invention 
has a high quality surface appearance comparable to a high 
quality automotive paint finish. It can be a theimoformed 
sheet or a badc-fiUed thermoplastic sheet. 

[0020] Thus the present invention provides multilayer film 
or sheet comprising: 

[0021] a.) a first co-extruded polymeric layer consist- 
ing essentially of ionomer; and 
[0022] b.) at least one co-cxtnidcd second polymeric 
layer selected from the group consisting of ionomer. 
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ionomer-polyethylene blend, and ionomer-polya- 
mide blend in cont&ct with the first oo-extruded 
polymeric Uyer. 

[0023] The present invention further provides a muUi layer 
film or sheet comprising cither: 

[0024] a.) a first co-extruded polymeric layer consist- 
iog essentially of ionomcr; and 

[0025] b.) at least one co-extruded second polymeric 
layer consisting essentially of very low density poly- 
ethylene in contact with the first co-extruded poly- 
meric layer; or 

[0026] a.) a first co-extruded polymeric layer consist- 
ing essentially of ionomer; and 

[0027] b.) at least one co-extnided second polymeric 
sheet layer consisting essentially of ethylene polar 
copolymer in contact with the first co-extruded poly- 
meric layer; or 

[0028] a.) a first co-cxtrusion polymeric layer con- 
sisting essentially of ionomer-polyamide blend; and 

[0029] b.) at least one additional co-cxtrudcd second 
polymeric layer in contact with the first co -extrude 
polymeric layer. 

[0030] In each of the above embodiments the multilayer 
film or sheet may further comprise at least one additional 
co-extruded third polymeric layer in contact with the second 
co-extruded polymeric layer. The ethylene polar copolymer 
co-extruded second layer is preferably an acid funclional- 
ized copolymer when the top surface is an ionomer layer. 
The second polymeric layer is preferably a maleic anhydride 
functionalized polymer when the top surface layer is an 
ionomer-polyamide blend co-extruded. Preferably one or 
more of the co-extruded polymeric layers contain pigments, 
dyes, flakes, or mixtures thereof. 

[0031] The ionomer preferably consists essentially of a 
copolymer derived from ethylene and a^P-ethenically unsat- 
urated €3 (o Cg caiboxylic acid wherein the copolymer is 
partially neutralized with metal ions. The ionomer-polya- 
mide blend consists essentially of one or more polyamide 
which forms a continuous phase or co-continuous phase 
with one or more ionomcr dispersed therein, the ionomer is 
present in the range from 60 to 40 weight percent and the 
polyamide is present in the range from 40 to 60 weight 
percent based on the total weight of ionomer and polyamide, 
the ionomcr consisting essentially of a copolymer derived 
from ethylene and a,p-cthcnically unsaturated Cj to Cg 
carboxylic acid wherein the copolymer is partially neutral- 
ized with metal ions; wherein the average acid content of 
copolymer prior to neutralization is present in a suflBciendy 
high percentage such that neutralization in the range of 55 to 
100 mole percent of the acid present at melt temperature 
with one or more metal cations increases the viscosity of the 
ionomer above that of the polyamide. 

[0032] The present invention further provides a process 
for making shaped article having an ionomer or ionomer- 
polyamide blend as a top sxu-faoe comprising the steps of: 

[0033] a.) positioning a monolayer sheet of ionomer 
or ionomer-polyamide blend or a multilayer oo- 
extruded sheet into a mold, wherein the thickness of 



the monolayer sheet or the multilayer sheet is from 
8 to 60 mils and wherein the multHayer sheet com- 
prises; 

[0034] i.) a first co-cxtitided polymeric layer 
selected from the group conasting of ionomer and 
ionomer-polyamide blend; and 

[0035] iL) at least one additional co-extruded sec- 
ond polymeric layer in conUct with the first co- 
extruded pol3rmcric layer; and 

[0036] b.) injection badcfiliing the monolayer sheet 
or multilayer co-extiuded sheet with a suitj^le back- 
filling material. 

[0037] Preferably the sheet is preheated prior to the injec- 
tion backfilling particularly for thick ^cct and sheet of 
higher melting point ionomer-polyamide blends. In one 
embodiment of tiiis process the multilayer sheet comprises; 

[0038] (i) a first co-extruded polymeric layer consist- 
ing essentially of ionomer; 

[0039] (ii) a second co-extruded polymeric layer 
selected from the group consisting of ionomer and 
ionomer-polyamide blend in contact with the first 
co-extrude polymeric layer; and 

[0040] (iii) at least one additional co-extruded third 
polymeric layer in contact with the second co-ex- 
trude polymeric layer. 

[0041] The present invention further provides a process 
for making a thermoformed, multilayer, sheet-surfaced 

article comprising the steps of: 

[0042] a.) positioning a multilayer sheet into a mold, 
wherein the thickness of the multilayer sheet is from 
8 to 60 mils and wherein the multilayer sheet com- 
prises; 

[0043] i.) a first co-extmdcd polymeric layer 
selected from the group consisting of ionomer and 
ionomer-polyamide blend; and 

[0044] ii.) at least one additional co-extruded sec- 
ond polymeric layer in contact with the first oo- 
extrude polymeric layer; and 

[0045] b.) raising the temperature of the sheet suffi- 
ciently to soften the multilayer sheet; and 

[0046] c.) conforming the softened sheet to the con- 
toured surface of a substrate in the mold. 

[0047] In one embodiment of this process the multilayer 
^et comprises; 

[0048] (iv) a first co-extnided polymeric layer con- 
sisting essentially of ionomer; 

[0049] (v) a second co-extnided polymeric layer 
selected from the group consisting of ionomer and 
ionomer-polyamide blend in contact with the first 
co-cxtruded polymeric layer; and 

[0050] (vi) at least one additional co-extruded third 
polymeric layer in contact with the second co-cx- 
tradc polymeric layer. 
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[0051] Thus the preseni invention provides an article 
consisting essentially of a substrate to which a multilayer 
fihn or sheet is adhered, wherein the multilayer fihn or sheet 
comprises either 

[0052] a .) a first co-extnided polyme ric layer consist- 
ing essentially of ionomcr; and 

[0053] b.) at least one co-extruded second polymeric 
layer selected from the group consisting of ionomcr, 
ionomer-polyethylene blend, and iooomer-polya- 
mide blend in contact with the first co-extruded 
polymeric layer; or 

[0054] a.) a first co-extruded polymeric layer consist- 
ing essentially of ionomer; and 

[0055] b.) at least one co-cxtruded second polymeric 
consisting essentially of very low density polyeth* 
ylene in contact with the first co-extruded polymeric 
layer; or 

[0056] a.) a first co-exiruded polymeric layer consist- 
ing essentially of ionomer; and 

[0057] b.) at least one co-cxtnided second polymeric 
sheet layer consisting essentially of ethylene polar 
copolymer in contact with the first co-exiruded poly- 
meric layer; or 

[0058] a.) a first co-extrusion polymeric layer con- 
sisting essentially of ionomer-polyamide blend; and 

[0059] b.) at least one additional co-cxtrudcd second 
polymeric layer in contact with the first co-extrude 
polymeric layer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0060] For purposes of this invention the following terms 
are to be defined as follows: 

[0061] I. "Copolymer" means polymers containing 
two or more monomers and as such the term is 
intended to iuchide both "bipolymer" and "terpoly- 
mer" as weU as polymers produced from more than 
three comonomers. The terms "bipolymer" and "ter- 
polymer" mean polymers containing only two and 
three monomers respectively. The phrase "copoly- 
mer of various monomers" means a copolymer 
whose units are derived from the various monomers. 

[0062] 2. "(Mcth)acrylic acid" means acrylic add 
and mcthacrylic acid, and the term ^'(meth)acrylate" 
means acrylate and metbacrylatc. 

[0063] 3. "Consisting essentially of means that the 
recited components are essential, while smaller 
amounts of other components may be present to the 
extent that they do not detract from the operability of 
the present inventioiL 

[0064] 4. "Distinctness of Image" (DOI) is a measure 
of the "crispncss" or "degree of definition" of a 
reflection of a object in a colored finish compared to 
the actual object itself. (DOI) is defined in ASTM 
Standard-284 as: distinctness-of-image-gloss, n-as- 
ped of gloss characterized by the sharpness of 
images of objects produced by reflection at a surface. 
DOI can be measured with a BYK-Gaidner Waves- 



can dot instrument bases on U.S. Pat No. 1,155,S5S. 
In the automotive industry, satisfactory finishes on a 
smooth or "Qass A" surface typically will have a 
finish with a DOI value of at least 60, preferably 80 
or higher. 

[0065] 5. Flop is an expression and a calculated 
variable used to describe or characterize appearance 
change with viewing angle, to its calculated term 
context, it is calculated from color measuiemeot L 
values at 3 di£Eierent angles from a light source. The 
higher the flop value, the greater the appearance 
change in viewing at dififcrent angles. 

[0066] 6. Effect particle is a particle added to paints 
or pigments which provides an appearance effect or 
change in color with view angle. Typical effect 
particles are aluminum flakes and mica particles. 
Often effect particles are flat and thin and their 
orientation can be important in imparting a certain 
appearance. 

[0067] 7. Machine direction (MD) means the orien- 
tation in a fiUn which is in the direction, either 
upstream or downstream, that the film is exiting the 
machine or die. The MD diiecdon can be referred to 
as either pointing into the madiine or away from the 
machine, 180 degrees apart. The term can be asso- 
ciated with film length. This is in contrast to the cross 
machine directbn or "TD" direction which is the 
direction 90 degrees from the machine direction or 
exit flow direction and typically indicates the direc- 
tion across the fihn width firom one side to the other 
side. 

[0068] 8. CIELAB color difference is defined in 
ASTM Slandard-284 as, n-color difference calcu- 
lated by using the QE 1976 L*a*b* opponent color 
scales, based on applying a cube-root transfoimatioo 
to CIE tristimulus values X,Y,Z. 
[0069] 9. Gloss is defined in ASTM Standard-284 as, 
□-angular selectivity of reflectance, involving sur- 
face reflected Ught, responsible for the degree to 
which reflected highlights or images of objects may 
be superimposed on a surface. 
[0070] 10. Haze is defined in ASTM Standard 284 as: 
n-scattering of light at the glossy surface of a speci- 
men responsible for the apparent reduction in con- 
trast of objects viewed by reflection from the surface. 
[0071] 11 . A Class Asurface is a surface that by itself 
of when painted results in DOI, gloss and haze 
readings of 80, 90, 10. 
[0072] It should be further appreciated that for purposed of 
the present invention, the use of the expressions multilayer 
film and the multilayer sheet refer collectively to polymeric 
films and sheets that are from about 1 mil to about 60 mils 
thick. Although no sin^e thicJmess dimension is felt to 
represent a demarcation between film and sheet, for pur- 
poses of this invention the use of the word sheet, in both the 
processes for making a shaped article involving backfilling 
of sheet and for making a thcrmoformcd article from sheet, 
refers to polymeric material of 8 to 60 mils thick. 

Film Process 

[0073] Lamination and melt extrusion processes known in 
the art can make the tbeimoformablc sheet of the present 
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inveniioa Multilayer sheets can be made on extrusion lines 
that may be configured and operated in ways known in the 
art. The monolayer or multilayer sheets of the present 
invention may be laminated or coated as the surface layer 
onto other substrate sheets to form decorative sheet struc- 
tures. 

[0074] In a typical extrusion system, selected solid plasu'c 
particles in pellet form are fed to an extruder, melted and 
plasticated, pumped through a transfer pipe into a feedblock 
and then to an extrusion die or directly to a die. The molten 
curtain that exits the die is deposited onto a moving roller 
which transfers the solidifying polymer through a gap or nip 
between two cotmter-rotating rollers to a third roller and 
subsequently through another nip system between rollers 
which pulls the sheet through the take-off system. The sheet 
is subsequently rolled onto a core creating a roll of sheet or 
the sheet can be cut to a length and stacked as flat ^eets. 

[0O7S] In a typical system for making multilayer sheet, 
there are multiple extruders into v^ch particles are fed, 
melted and plasticated by the extruder screw and heated 
barrel system. The resulting molten mass can be pumped 
through a transfer pipe into a co-extiusioo feedblock for the 
purpose of combining the flows into contacting layers. The 
feedblock can be equipped with a phig that can be changed 
to allow different combinations of extruders and layers to be 
run on the line. The plug routes the flows within the 
feedblock and combines the layers prior to exiting the 
feedblock and going into an extrusion die. The extrusion die 
has a flow area or manifold that widens and thins the single 
or multilayer melt flow into a thinner, wider web or melt 
curtain. The multilayer molten flow is widened and thinned 
to the die flow width and die gap opening. 

[0076] The "match" in rheology between the layers will 
determme how well the layers spread together in the die. If 
there is a significant difference in flow properties, the layers 
may not all flow to the width of the die. In this case, lower 
viscosity material may flow to the end of the die opening and 
higher viscosity material flow width will be less. If the layer 
flow properties are well matched, each layer will flow to the 
full width of the die. Finally, if the flow properties are poorly 
matched, quality sheeting may not be produced due to flow 
instabilities between layers in the die and air gap exit the die. 

[0077] Alternatively, a different type of extrusion die, a 
multiple manifold die, can be used in place of the "extrusion 
feed blodc and single manifold die" arrangement. In this 
case, separate extruder melt streams flow directly into sepa- 
rate flow paths or manifolds within a multiple manifold die. 
Eadi layer in this case flows through its own manifold and 
is spread and thinned to the width of the die flow area prior 
to the layers combining and flowing together into a multi- 
layer molten sheet The combination of layers in this case, 
occurs near the die exit after each layer has been thinned and 
widened separately and is therefore less sensitive to mis- 
matdi in flow properties. In a similar fashion, more than 1 
layer can be fed into a separate manifold where the multiple 
layers can be spread and thinned in the manifold. 

[007S] Hie molten flow exits the die as a molten curtain 
and flows onto a metal roller just prior to contacting a larger 
diameter roll. These rolls arc counter rotating. The gap 
between these rollers is set to provide a uniform opening, 
referred to as a nip. The molten plastic contacts both rolls as 
it is conveyed through the controlled opening gap. The roll 



arrangement provides a higher glossy finish on the sheet and 
more uniform thickness to the sheet. The primary roller is a 
highly polished roll that is contacted by the sheet for 
approximately half of its circumference prior to releasing the 
solidifying plastic typically to a third roll downstream in the 
takeoff roller system. The sheet is subsequently taken 
through another nip system between rollers which pulls the 
sheet in the system. The sheet is subsequently rolled onto a 
core creating a roll of sheet or alternatively can be cut to 
length and stacked. 

[0079] In practice, there are several alternatives for the 
molten flow exiting the die. For example, the die can be 
repositioned to drop the molten curtain so as to contact the 
larger roll initiaUy just prior to the nip. Another example 
arrangement positions the die at angles between vertical and 
horizontal to result in vertical or horizontal molten flow 
from the die. Also, instead of a second roll providing a nip, 
other means can be used to force the molten plastic onto a 
roll such as air flow pushing the molten web onto a roller. 

Co-extrusion Sheet 

[0080] The appearance of sheet from the sheet process can 
have several variables that effect its appearance and perfor- 
mance. The sheet can have a dear surface layer with under 
layers containing pigments and effect particles in the case of 
the ionomer sheet or it can have a pigmented surface layer 
with or without effect particles as is the case with the 
iooomer-polyamide blend. One or more of the under layers 
in either case may contain pigpicnt or particles. 

[0081] The sheet appearance can be changed with the 
blend of pigments used and with the orientation of the effect 
particles if they are present, ideally for solid cotor pi^en- 
tation only, the color would not change based on viewing 
direction for a flat sheet if the purpose is to matdi a typical 
paint appearance surface. However, effect particles in sheet 
extrusion encounter multi axial particle orientation that 
effects color and appearance. It has been foimd that orien- 
ution of the flake particles toward a particle that is closer to 
parallel with the surface can be controlled in sheet extruaon 
to a certain extent with the proper equ^ment and operating 
techniques. This is necessary to provide a closer match to 
painted surfaces, to minimize color difference based on 
viewing direction and to minimize color differences between 
a pigmented sheet product and a painted surface. 

[0082] It has been found that flop value differences cal- 
culated firom color measurements in the upstream and down- 
^am MD directions of a sheet product could be minimized 
which in turn minimizes color differences based on viewing 
direction. A single manifold die with the gap opened to a 
significant degree provided flop difference values of less 
than about 2 ^ereas ^en the die is run with a die gap 
opening considered more typical, flop values were approxi- 
mately 4. The die does not have a short land length. On 
another die with 2 manifolds and a short die land length, flop 
differences were found to be higher than 3 at typical, low and 
high gap settings and not effected by gt^. Based on this 
preliminary limited data particle orientation diaractetized 
by flop calculations, can be effected by a combination of 
both die gap and die exit characteristics. 

[0083] Metallic appearance can be effected through a 
combination of layer inherent clarity, translucent pigments 
and effect particles used in a layer which in combination 
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allows flat metallic surfaces to be seen with less light 
scattering and to a greater depth enhancing appearance and 
accentuating the flop or change in appearance with viewing 
angle that is a desirable attribute. To provide hiding power 
so undesirable light reflection from underlying surfaces or 
layers are minimized, a thick layer carrying the pigment and 
flake can be employed, or a higher concentration of pigment 
and flake can be used or an under layer with pigment and/or 
flake can be utilized to effect appearance. 

[0084] TTic combination of clear/color layers of cither 
ionomer-ioDomer or ionomer-acid copolymer as the first two 
layers in the sheet provide the desirable characteristics of the 
surface layer with mar resistance, high clarity, durable in 
outdoor exposure, chemical resistance and high gloss in 
combination with a second clear layer that has good com- 
patibility for adhesion, minimum distortions from interface 
disturbances that can be caused be flow differences and 
appearance attributes described above. In addition, ionomer 
over other layer materials such as EVA's or E-acrylates or 
PE type materials may also provide a satisfactory appear- 
ance system although these systems may not provide the 
high levels of adhesion or the depth and distinctiveness of 
metallic particle reflection. 

[0085] Additives that go into the appearance layers may 
require compatible carriers to minimize resultant haze that 
can be generated by material incompatibility causing light 
refraction at the inoompatible interface. Additives include 
pigment or effect particle carriers, UV additive carriers or 
anti-static additive carriers. Compatible carrier materials 
include ionomer, add copolymer, EVA, E- aery late copoly- 
mers or derivatives. 

Theimoformable Skio 

[0086] The thermoformable skin of the present invention 
has attributes that can include good formability and release 
from tooling in thenmo forming, exceUent DOI, high gloss 
and low haze surface appearance, solid and metallic color 
appearance, good mar and scratch resistance, good weath- 
erability, good impact resistance and good chemical resis- 
tance. It may be formed into a weatherable, decorative sheet 
for surfacing polymer parts. The sheet is surfaced with an 
ionomer or ionomer-polyamide blend. 

[0087] The ionomers and the ionomer-polyamide blends 
useful in the present invention arc described below. The 
decorative sheet can be monolayer or multilayer. When a 
multilayer, at least the top layer of the multilayer sheet is 
made from the ionomer or ionomer-polyaimide blend. 

[0088] The monolayer sheets preferably are about 1 to 
about 50, alternatively about 2 to about 20, mils thick. The 
multilayer sheets preferably are about 8 to about 60, alter- 
natively abcmx 12 to about 40 mils thidc. However it should 
be appreciated that thicker dimeosioo such as 60 to 400 mils, 
alternatively 80 to 180, can be easily achieved and retain 
many of the benefits of the instant invention for thermo- 
forming larger parts requiring greater stiffness. 

[0089] Multilayer skin fihns can be tailored to fit the needs 
of a wide variety of specific applications. For example, 
layers in the skin structure can provide pigpienled solid 
color, peariesceni pigment and/or other nacreous pigment 
for colored metallic ^ipearance properties (see II.S. Pal. No. 
6,060,135 and in particular column 4, lines 25^, incorpo- 



rated herein by reference), stiffness for handling, thenno- 
forming properties, layer adhesion function and a back side 
layer which will adhere to a backfill material to form a 
shaped molded article. 

[0090] Some typical skin constructions include (where 
slash mark represents layer intcrfitcc and paicotbescs des- 
ignate additive): 

[0091] Ionomer monolayer (clear or pigmented) 

[0092] Ionomer-polyamide blend monolayer (pig^lentcd) 

[0093] Ionomer (clear)^olyethylene-ionomer blend (pig- 
mented) 

[0094] Ionomer (clBar)/polyethylene-elastomer blend 

(pigmented) 

[0095] Ionomer (clear)/ionomer (pigmenied)/ethylene 
copolymer 

[0096] Ionomer (dear)/ionomer (pigmented)/very bw 

density polyethylene 

[0097] Ionomer (clear)/ethylene acid copolymer (pig- 
mentcd)/very low density polyethylene (pigmented) 

[0098] Ionomer (clear)/ethyleQe acid copolymer (pig- 
mented)Arery low density polyethylene/oiefintc tiiermoplas- 

tic 

[0099] Ionomer (pigmented)Aonomer (pigmented)/ethyl- 
ene acid copolymer 

[0100] Ionomer (pigmented)/ethylcnc acid copolymer 

[0101] Ionomer (pigmented)/terpolymer ethylene-acid- 
acrylate (pigmented)/olefinic thermoplastic 

[0102] Ionomer (pigmented)/ten>olymer ethylene-acry- 
late-glycidal methacrylate (pigmentedj/olefinic thermoplas- 
tic 

[0103] Ionomer (clear)/leipolymer ethylene-add-acrylate 
(pigmented)/olefinic thermoplastic 

[0104] Ionomer (clcar)/terpolymcr cthylcnc-acrylatc-gly- 
cidal methacrylate (pigmcnted)/olefinic thermoplastic 

[0105] Ionomer (clear)/ionomcr (pigmented)/terpolymer 
cthylcne-acrylate-glyddal methacrylate/olefinic thermo- 
plastic 

[0106] Ionomer (clear)/ethyleoe-acrylate copolymer ^ig- 

menied)/ethyleDe copolymer 

[0107] Ionomer (clear)/ionomer (pigmeoted)/ethylene 
copolymer/polyethylene 

[0108] Ionomer (clcar)/ionamer QiigmeDted)/ethylene 
copolymcr/poiycstcr copolymer 

[0109] Ionomer (clear)^onomer (pigmentcd)y|polyamide 
(pigmented) 

[0110] Ionomer (clear)/ioaomer (pigmented)/tie layer 
O>iginente(f)/lhennoplastic polyolefin 

[0111] Ionomer (clear)/ionomer (pigmented)/tie layer/ 
thermoplastic polyolefin (pigmented) 

[0112] Ionomer (dear)/ionomer (pigmented)/polyethyl- 
ene-ionomer blend 



06/15/2003, EAST Version: 1.04.0000 



us 2002/0055006 Al 



7 



May 9, 2002 



[0113] Ionomer (clearyionomer Q}igmented)AieAiitrfle 

c»polymer 

[0114] lonomer-polyamide blendAie/lhermoplastic poly- 
olefin 

[0115] lonomer-polyamide blend/tie/polyesier copolymer 

[0116] lonomer-polyamide blend/tie/oilrile copolymer 

[0117] lonomer-polyamide blend/polyamide copolymer 

[0118] Ionomer (clear)/ioaomer (pigmented)/Ue layer/ 
thermoplastic polyolefio, 

[0119] lonomer/ionomer (pigmented)Aie laycr^olyester 

copolymer, 

[0120] lonomer/ionomer (pigmented)/tie laycr/recycle/tie 
layer/polyester copolymer, 

[0121] loaomer/^poly amide (pigmcnted)/lie layer/polycs- 
ter, and 

[0122] lonomer/polyamlde (pjgmentedytie layer/recycle/ 
polyester copolymer. 

[0123] The decorative sheet may be adhered to a wide 
variety of substrates to provide a high quality surface 
appearance, such as one suitable for interior or exterior 
automotive parts or other panels. It may be used as deco- 
rative "thin" surface layer on "thick part" plastic substrates 
that can be subsequently thcrmoformed into an article. 

[0124] Pigmented ionomer-polyamide blend and clear 
ionomer over a pigmented substrate can provide valuable 
surface attributes for plastic parts, especially those that are 
now painted. 

[0125] Optionally, pigment and/or flake panicles may be 
included in the suiface layer or other layers in the case of a 
multilayer sheet process. In the case of an ionomer sheet 
construction, the ionomer can be coated or laminated onto a 
patterned or designed fihn or sheet with the design or pattern 
showing through. 

[0126] The high temperature properties of the ionomer- 
polyamide blend are suflScient to permit OEM Painting of 
molded parts without the need for special jigs or hangers to 
maintain part shape during the bake step. 

Shaped Article Forming Process 

[0127] Shaped articles employing the decorative thermo- 
plastic sheet of the present invention can be made by 
processes known in the art including injection cladding, 
compression molding and direct thennoforming. The deco- 
rative thermoplastic sheet can also be laminated onto a 
substrate to form an article. 

[0128] A particularly useful method is injection cladding 
such as described in U.S. Pat. No. 5.725,712 (incorporated 
herein by reference, see columns 16 through 20). The 
decorative thermoplastic sheet or co-extruded sheet can be 
back-filled with a wide variety of backfill materials. The flat 
sheet, preferably preheated, can be moved directly into an 
injection cladd^g mold for badc-filling without thenno- 
forming the sheet first. By preheating, deep-draw shapes can 
be made without creasing problems. 

[0129] Direct thennoforming is particularly useful when 
the sheet being thermofotmcd by itself is sufficiently thick to 



provide slifi&iess and rigidity needed by the article. Particu- 
larly useful for making such directly tfaermoformed articles 
are co-extruded sheets with surface materials of ionomer or 
ionomer-polyamide blend. 

[0130] A relatively thin (typically, lS-50 mils) decorative 
sheet can be Ihennoformed into a mold's shape and inserted 
into an injection mold or sheet molding compound (SMC) 
compression mold for cladding in a two step process. 

[0131] When using the decorative sheet made from iono- 
mer, it has been found that it is not necessary to maintain the 
gloss of the sheet from start to finish, as it is in "paint fihn" 
systems. Instead, the surface gloss of ionomers with a low 
temperature softening point can be improved in final badc- 
filling step as the film contacts the polished surface of the 
injection molding tool in the back-filling step. Hiis property 
overcomes skin handling mars, reduces skin sheet handling 
costs and provides for a more flexible and robust process. 
Preferably, the temperature of the injection molding tool 
should be from about 10 to about 50" C. The tempcxature of 
the back-filling molten polymer should be sufficiently high 
to soften the ionomer or ionomer-polyamide skin so that it 
conforms well to the mold and picks up a high gloss. 

Shaped Plastic Article 

[0132] The thermoformable skin discussed above can be 
formed into a shaped polymer article with the decorative 
skin on the outer surface thereof. Shaped articles of this 
invention include automobile body panels, mirrors, accent 
pieces, grills, hoods, sport utiUty vehicle body panels, appli- 
ance panels and the like. The shaped polymer articles of this 
invention particularly are ones presenting a high quality 
surface appearance comparable to a high quality automotive 
paint finish. TTiey exhibit high gloss, low gloss, or textured 
appearance and improved mar resistance. These molded 
artides typically exhibit DDI's of at least 80 and frequently 
as hig^ as 90 to 95. Solid and metallic colors can be 
incorporated and parts can be painted. 

[0133] Shaped articles employing the iheraioformable 
sheet of this invention as a top layer, particularly with the 
addition of standard UV stabilizers for the ionomer and 
ionomer-polyamide blend, exhi"bit good wealherability, 
being particularly stable when exposed to ultraviolet light 
for extended periods of time. These articles exhibit the low 
color shift, measured using, for example, the CIE 1976 (CIE 
LAB) color scale, needed for molded parts used in exterior 
applications. They exhibit AE color shift values of less than 
about 3 (a level considered as suitable for exterior automo- 
tive applications) when exposed to 2500 kilojoules/square 
meter in a ^non-arc weatherometer (SAE J1960). 
Improved automobile fascia having DOI of at least 80 and 
superior mar resistance can be made employing the thermo- 
fonnable sheet of this invention. 

Ionomer 

[0134] The ionomers of the present invention are derived 
fi-om direct copolymers of ethylene and a,p cthcnically 
unsaturated C^-Cg carboxylic acid ("ethylene-acid copoly- 
mcis") by neutralization with metal ions. By "direct copoly- 
mer^', it is meant that the copolymer is made by polymer- 
ization of monomers together at the same Ume, as distinct 
from a "graft copolymer" where a monomer is attached or 
polymerized onto an existing polymer chain. Methods of 
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preparing such ionomers are well known and are described 
in U.S. Pit. No. 3^64^72 (incorporaied herein by refer- 
ence). Pieparationof the direct ethylene-acid copolymers on 
which the ionomers are based is described io U.S. Pat No. 
4351,931 (incorporated herein by reference). Ethylene-acid 
oo|K>lyiners high Icvek of add arc difficult to prepare 
in a continuous polymcrizer because of monomcr-polymer 
phase separation. This difficulty can be avoided however by 
use of "cosolvent techDology" as described in U.S. Pal, No. 
5,028,674 (incorporated herein by reference) or by employ- 
ing somewhat higher pressures than those at whidi copoly- 
mers with lower add can be prepared. 

[0135] The ethylcnc-acid copolymers used to make the 
ionomcric copolymer of this invention can be E/X/Y copoly- 
mers where E is ethylene; X is a softening oomonomer and 
Y is the a,p-ethenically unsaturated C^-Cg carboxylic acid, 
particularly acrylic or methacrylic add. Preferably, however, 
the ethylene-add copolymer is a dipolymer (no softeoiag 
comooomer). The preferred add moieties are methacrylic 
acid and acrylic acid. 

[0136] By "softening", it is meant that the polymer is 
made less crystalUne. Suitable "softening" comonomers (X) 
are monomers selected from alkyl acrylate, and alkyl meth- 
acrylate, wherein the alkyl groups have from 1-12 carbon 
atoms which, when present, may be up to 30 (preferably up 
to 25, most preferably up to 12) wt.% of the ethylene-add 
copolymer. 

[0137] Preferred ethylene-acid dipolymers are ethylenc- 
acrylic acid and ethylene-melhacrylic acid. Specific other 
copolymers include ethylene — n-bulyl acrylate — acrylic 
add, ethylene — n-butyl acrylate — methacrylic acid, ethyl- 
ene — ^iso-butyl acrylate — methacrylic add, ethylene — iso- 
butyl acrylate — acrylic acid, ethylene — n-butyl methacry- 
lale — methacrylic acid, ethylene — methyl methacrylate — 
acrylic acid, ethylene — methyl acrylate — acrylic acid, 
ethylene — methyl acrylate — methacrylic acid, ethylene — 
methyl methacrylate — methacrylic acid, and ethylene — n- 
butyl methacrylate — ^acrylic acid (where the dash represents 
comonomers). 

[0138] The mole percent acid moiety (i.e., mole percent of 
carboxyl group, — COOH, relative to an elemental mole 
basis) in the ethylene-acid copolymer prior to neutralization 
in the ionomer employed by itself as a layer preferably is 
0.54 to 1.26%, alternately 0.68 to 1.11%, or 0.82 to 0.96% 
and the degree of neutralization preferably is 30 to 100%, 
alternately 40 to 80%, or 45 to 70%. On a polymer mole 
basis, the mole percent add moiety in the ethylene-acid 
copolymer prior to neutralization in the ionomer employed 
by itself as a layer preferably is 3.3 to 8 .3%, alternatively 4.1 
to 7.2%, or 4.6 to 6.2% and the degree of neutralization 
preferably is 25 to 100%, alternatively 35 to 80%, or 45 to 
70%. Higher percent add and higher neutralization is pre- 
ferred to obtain improved mar-resistance and clarity or wet 
look in clear ionomer constructions for decorative surfaces. 
For eth^enc — methacrylic-acid copolymers, the weight per- 
cent methacrylic acid is preferably greater than 8%, more 
preferably greater than 10%, altmutively greater than 12%, 
preferably in the range of 13-19%. For ethylene — acrylic 
add copolymers, the percent acrylic acid is preferably 
greater than 7%, more preferably greater than 9%, alterna- 
tively greater than 10%, preferably in the range of 11-17%. 



A blend of ionomers can also be employed to enhance mar 
performance and yet maintain adequate temperature resis- 
tance. 

[0139] While the neutralizing agent (e.g., zinc oxide, 
magnesium oxide, and caldum oxide) can be added in solid 
form, it preferably is added as a concentrate in an ethylene- 
add copolymer carrier. This concentrate is made by care- 
fully selecting the ethylene-acid copolymer and the blending 
conditions to assure thai the neutralizing agent does not 
significantly neutralize the carrier. This neutralizing concen- 
trate can also contain small amounts (up to about 2 wt.%) of 
one or more salts of the metal cations (e.g. acetates and 
stearates). The acid copolymer can be neutralized with a 
mixture of ions by using different neutralizing agents which 
can provide enhanced mar resistance. 

[0140] The ionomers of this invention are clear and have 
low haze levels. They also have outstanding melt strength at 
thermoforming temperatures employed with these skins 
allowing large parts with deep draws to be formed. 

[0141] The ionomer layer(s) can degrade and crack during 
UV exposure. Suitable UV additives such as hindered 
amines light stabilizers, U V light absorbers along with other 
suitable stabilizers can increase the layers durability and 
appearance to withstand extended outdoor exposure. 

[0142] The surface ionomer layer attracts dust due to 
electrostatic surface charges. Ading anti-slat additives to 
the top layer and the second layer can reduce dust sticking 
which enhances sheet processing and reduces the potential 
for surface imperfections in the final article. 

loQomer-polyamide Blend 

[0143] The ioDomer-polyamide blend used in the present 
invention is one or more polyamides with one or more 
ionomers, wherein the ionomer is dispersed in a continuous 
(or co-continuous) polyamide phase. It preferably is made 
by the process taught in U.S. Pat. No. 5,866,658 (incorpo- 
rated herein by reference). 

[0144] The ionomer(s), as more fully set forth above, arc 
preferably direct copolymer(s) comprising ethylene and 
a,p-cthcDically-unsaturated C^-C^ carboxylic acid wherein 
the average acid of tbc direct copolymer<s) prior to neutral- 
ization is present in a high percentage and wherein 55 to 100 
mole percent of the acid is neutralized with one or more 
metal cations. Preferably the unsaturated C^-C^ carboxylic 
acid is methacrylic acid making up 15 to 25 weight percent 
of the direct copolymer of ethylene and methacrylic add or 
acrylic acid mtidng up 14 to 25 weight percent of the direct 
copolymer of ethylene and acrylic acid. Preferably the metal 
cation used to neutralize the carboxylic add also interacts 
with the amide links of the polyamide. Preferably zinc is 
used. 

[0145] The ethylene-acid copolymers used to make the 
ionomeric copolymers employed in the ionomer-polyamide 
blends of this invention have the add moiety present in a 
high amount. The amount that will be considered as "high" 
will depend on which acid moiety is employed, particularly 
the molecular weight of the acid moiety. In the case of 
ethylene — methacrylic acid, the preferred acid level is 13 to 
25, (preferably 14 to 25, more preferably 15 to 22) wt.% of 
the copolymer. In the case of ethylene — acrylic add, the 
preferred add level is 8 to 25, (preferably 9 to 25, more 
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preferably 10 to 22) wt.% of the copolymer. Particularly in 
view of the disclosures herein, one skilled in the art will be 
able to determine the "high" add levels for other add 
moieties that are needed to get the desired gloss levels and 
abrasion resistance. 

[0146] It will be recognized that it is possible to blend 
more than one copolymer, the add level of any one or more 
being outside the "high" range of the invention, to obtain an 
average acid level prior to neutralization that is within the 
preferred high percentage acid Icvek. Preferably, in the case 
of blends, the weight percent acid in each acid copolymer 
from wbich the ionomer components arc derived should be 
close to the preferred range, and most preferably they should 
be yniidn this range. 

[0147] The acid moiety is preferably highly neutralized by 
metal cations, particularly monovalent and/or divalent metal 
cations. It is preferable to neutralize with metal cations that 
are compatible with the nylon, that is, with cations that also 
interact with the amide hnks of the polyamide. Preferred 
metal cations indude sodium, lithium, magnesium, calcium, 
and zinc, or a combination of such cations. Blends of cations 
are most preferred. Potassium and sodium are poor choices. 
Magnesium and calcium preferably are used in combination 
with zinc. 

[0148] The polyamide component, as more fully set forth 
below^ preferably has a viscosity under melt-blend condi- 
tions that is high enough to provide the mechanical proper- 
ties but low enough to create the desired phase relationship. 
The poly amides comprise semicrystalline polyamides, pref- 
erably polycaprol amide (nylon 6). It may also comprise a 
blend of semicrysialhne and amorphous polyamides with the 
amorphous polyamide fraction up to 70% based on total 
polyamide weight. An amorphous polyamide that can be 
used is hcxamethylenediamine — isophttulamide — ter^h- 
thalamide teipolymer. 

[0149] Preferably, the blend is 60 to 40 (more preferably 
50 to 45, also 60 to 55) wt.% ionomer and 40 to 60 (more 
preferably 50 to 55, also 40 to 45) wt.% polyamide (per- 
centages being based on total ionomer and polyamide). 
Preferably, the ionomer is dispersed in a reasonably uniform 
manner as small, essentially spherical particles for the most 
part with average diameter of preferably about 0.1 to about 
0.2 fim in a continuous polyamide phase. Also, the ionomer 
preferably is dispersed as oblong and curvilinear or ellipsoid 
shaped particles for the most part with an average cross- 
sectional diameter (minor axis length) of about 0.1 to about 
0.2 /tan in a co-continuous polyamide phase. The average 
ratio of major axis length to minor acid length can be about 
2 to about 10 or greater. 

[0150] The blend may also contain components sudi as 
ultraviolet (UV) light stabilizers, antioxidants and thermal 
stabilizers, pigments and dyes, fillets, anti-slip agents, plas- 
licizers, nucleating agents, and the Iflce for both polyamide 
and ionomer Preferably, these components are present in 
amounts of about 1 to about 3 (preferably about 1.5 to about 
3) parts per hundred parts by weight of the ionomer- 
polyamide blend, but may be present in lower or higher 
levels. 

[0151] To achieve the desired morphology (ionomer dis- 
persed in continuous or co-continuous nylon phase) using 
the preferred process, the ionomer must have a sufficiendy 



high acid level and be neutralized to a sufficiently high level 
to attain a viscosity greater than that of the nylon. The 
polyamide should have a viscosity higher than diat of the 
ethylene-add copolymer or ionomer al low neutralizatioo 
levels, but should be less than the ionomer at high neutral- 
ization levels. Preferably, it is made by 6rst blending a 
partially neutralized, lower viscosity ethylene-add copoly- 
mer with a sufiBciently high acid level into the nylon and 
then further neutralizing sufBciently to raise the ionomer 
viscosity while melt blending under inunse mixing condi- 
tions. Non-neutralized (or lowly neutralized), high-add eth- 
ylene-acid copolymer can be melt blended with the polya- 
mide with all of its neutralization being effected during the 
melt blending. At the high degree of neutralization, the 
viscosity of the ionomer will exceed that of the polyamide 
at processing conditions. 

[0152] The preferred level of neutraUzation will depend on 
the ethylene-add copolymers employed and the properties 
desired. Neutralization in the blend should be suffident to 
raise the melt index (Ml) of the ionomer in the blend, 
measured as grams of ionomer exiting a 0.0823 inch orifice 
in ten minutes (gn/10 min) at 190* C. with 2160 gram weight 
applied force (ASTM D-1238 condition E), to such a level 
that, if the ionomer alone (not in the nylon blend) were 
neutralized to that level, there would be very low to essen- 
tially no fiow (preferably less than about 0.2 grams/10 
minutes). For example, for an ethylene-add dipolymer of 
ethylene and 19 wt.% methacrylic acid, the foUowing MI 
values result when the dq)olymer is neutralized to the degree 
indicated: 



% Neutnlizatioii 


MI (gm/lO min) 


0 


60 


•>38 


7.7 


-52-58 


0.71 


-tiO 


ai7 


-67 


ai3 


-90 


0 to 0.015 



[0153] In this case the percent neutralization should be 
about 60% or greater since the grams of ionomer exiting the 
orifice is less than 0.2 grams per 10 minutes. One skilled in 
the art can easily determine the preferred percent neutral- 
ization for other ionomers. Preferably in the final melt blend 
with polyamide, the mole percent of add neutralized is 65 
to 100%, more preferably 75 to 100%, alternatively 75 to 
85%. 

[0154] The level of acid and the degree of neutralization 
can be adjusted to achieve the particular properties desired. 
Gloss is enhanced by raising the average acid level. High 
neutralization yields harder, glossier products while more 
moderate neutralization yields tougher products. 

Polyamide 

[0155] Semicrystalline polyamides can be used in the 
iooomer-polyamide blenck of the present inventioa The 
term "semicrystalline polyamide** is well known to those 
skilled in the art. SemicrystaUinc polyamides suitable for 
this invention are generally prepared from lactams or amino 
adds or from condensation of diamines such as bexamcth- 
ylene diamine with dibasic adds such as sebacic ackl. 
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Copoiymeis and terpolymers of these polyamides are also 
included. Preferred semiCTyslalline polyamides are polyca- 
prolamidc (nylon 6), polyhexamcthylene adipamide (nylon 
6,6), most preferably nylon 6. Other semicrysialUne polya- 
mides useful in the present invention include nylon 11, 
nylon 12, nylon 12,12 and copolymers and terpolymers such 
as nylon 6/6,6, nylon 6/6,10, oylon 6/12, nylon 6,6A2, nylon 
6/6,6/6,10 and nylon 6/6T. 

[0156] Amorphous polyamides can be substituted for 
some of the semicrystaUine polyamide to raise the glass 
transition temperature (Tg) of the nylon phase and to lower 
the temperature that this material can be Ihermoformed at. 
Up to about 70 wt.%, preferably up to about 25-60 wt.%, of 
the polyamide phase can be amoipbous polyamides. The 
term "amorphous polyamide" is well known to those skilled 
in the art. "Amorphons polyamide," as used herein, refers to 
those polyamides which arc lacking in crystallinity as shown 
by the lack of an endotherm crystalline melting peak in a 
Differential Scanning Calorimeter ("DSC) measurement 
(ASTM D-3417), 10* C./mimite heating rate. 

[0157] Examples of the amorphous polyamides that can be 
used inchide bexamcthylcnediamine isophtfaalamide, hex- 
amethylcncdiaminc isophthalamidc/terephthalamide ter- 
polymer, having iso/-tcrephthalic moiety ratios of lOOA) to 
60/40, mixtures of 2,2,4- and 2,4,4-trimethyIhcxamclhyl- 
cncdiamine terephthalamide, copolymers of hexamethyleoe 
diamine and 2-mcthylpcntamcthylcncdiame with iso-or 
tcrcphthalic acids, or mixtures of these acids. Polyamides 
based on hexamcthylcncdiaminc iso/tcrephtbalamidc con- 
taining high levels of tcrcphthalic acid moiety may also be 
useful provided a second diamine such as 2-methyidiami- 
nopentane is incorporated to produce a processible amor- 
phous polymer. Amorphous polyamides may contain, as 
comooomers, minor amounts of lactam species such as 
caprolactam or lauryl lactam, even though polymers based 
on these monomers alone are not amorphous as long as they 
do not imparl crystaUioity to the polyamide. In addition, up 
to about 10 wt. % of a liquid or solid plasticizer such as 
glycerol, sorbitol, mannitol, or aromatic sulfonamide com- 
pounds (such as "Santtcizer 8" from Monsanto) may be 
included with the amorphous polyamide. 

[0158] The amorphous polyamide may be a blend of 
ethylene vinyl alcohol and amorphous nylon in which the 
polyamide component comprises about 5 to about 95 wt. % 
of the total composition of EVOH plus polyamide, prefer- 
ably about 15 to about 70 wt. %, and most preferably about 
15 to about 30 wt. %. 

Backfill Material 

[0159] Backfill materials may include a wide variety of 
polymers. These materials include thermoplastic polyolefins 
(TPO), polyesters (PET), sheet molding compounds (SMC), 
acryloniuile butyl slyrene (ABS), polyvinyl chloride (PVC), 
polystyrene (PS), polyuretbane (PU), Polyethylene inchid- 
ing low density polyethylene (LDPE), Hnear low density 
polyethylene (LLDPE), or high density polyethylene 
(HOPE), and others materials. BadcfiU materials can also 
incorporate scrap material recycled from the sheet making 
process. 

[0160] In injection cladding, alternative backfilling pro- 
cesses can be used with backfill material such as foam 
generation or gas injection during the backfill injection 



operation. The high gloss decorative surface can be main- 
tained with these alternative backfill processes or with fillers 
in the backfill material. 

[0161] Through proper skin sheet design, surface defects 
from glass or other fillers in the backfill material can be 
avoided. Glass type filler, typically used for stifiTening, often 
provides a poor surface finish due to glass showing through 
at the surface. The use of this skin fihn can provide an article 
\^ch has glass in the backing material for stiffening yet 
with a surface free of glass surface imperfections. 

He Layer 

[0162] Tic layers useful in the present invention inchide 
those films well known in the art for forming melt-bond 
layers that adhere to the films or substrates to which they 
come in contact. Co-cxtrudable adhesives based on blends 
of various polycthylcncs are well known. For example 
blends of polyethylene, etbylene/alpha-olefin copolymers, 
polar ethylene co- or terpolymers and/or ethylene elastomers 
or rubbers which are adhesive to tbc ionomer, or an ethylene 
copolymer which is adhesive to the ionomer-nylon alloy, 
such as ethylene vinyl acetate (EVA), ethylene (mcth)aciy- 
latc copolymers (EA and EMA), and ethylene butyl acrylate 
copolymers (EBA). Others include polypropylene (PP) and 
maleic anhydride modified polymers including polypropy- 
lencs which are adhesive to TPO or PP and ionomer- 
polyamide blends, or PET or PETG copolymer resins which 
arc adhesive to higher copolymer containing ethylene 
copolymers, or ionomcr-polyamidc blends which are adhe- 
sive to nylon copolymers such as Elvamidc®. Furtter eth- 
ylene based polymer blends, especially copolymers contain- 
ing anhydride grafts demonstrate improved adhesion to the 
ionomer-nylon alloy. 

[0163] Adhesive layers provide delamination resistance 
between the surface layers and subsequent functional layers 
during processing and end-use. 

Ethylene Polar Copolymers 

[0164] The ethylene polar copolymers usefiil in the 
present invention include generally any polymer derived 
from copolymerizing ethylene and one or more polar 
comooomers having and add or acid related functionality. 
As such there role as a polymeric layer in a multilayer film 
or sheet may be similar to the above described tie layer. The 
ethylene polar copolymers include polymer made by direct 
copolymerization or by grafting and the like. The acid or 
acid related functionsdity typically involves comonomer 
containing the carboxyl group, esters of the carboxyl group, 
acid anhydride and the like including vinyl carboxylates 
such as vinyl acetate. Thus the ethylene polar copolymer 
includes by way of example (but not limited thereto) poly- 
mers such as ethylene oopolymos containing maleic anhy- 
dride, acrylic acid, methacrylic add, and various esters of 
(meth)aciylic acid; i.e., (melh)acrylates. The ethylene polar 
copolymers also include the EVA type copolymers. 

Other Components 

[0165] Additives normally compounded into plastics may 
be included in the blend, for example, ultra-violet (UV) 
stabilizers, UV absorbers, antioxidants, thermal stabilizes, 
anti-stat additives, processing aids, pigments and the like. 
When inchided, these components are preferably present in 
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amounts of about 1 lo about 3 (preferably about 1.5 to about 
3) parts per hundred pans by weight of the ionomer- 
polyamide bleod but may be present in lower or higher 
amounts. These components are preferably present in 
amounts of about 0.3 to about 3 (preferably about 0.6 to 
about 1.3) parts per hundred parts by weight in the ionomer 
only surface layer. 

[0166] Of particular importance if the part is to be exposed 
to ultraviolet (UV) light is the inclusion of one or more U V 
stabilizers for the nylon and for the ionomer. Typically 
useful UV stabilizers inchide: bcnzopbenones sudi as 
hydroxy dodecyloxy benzophenone, 2,4-dihydrox3rben- 
zopbenone, hydroxybenzophenones containing sulfonic 
groups and the like; triazoles such as 2-phenyl-4-(2'^'- 
dihydroxylbcnzoyl)-triazoles; substituted benzothiazoks 
such as hydroxy-phcnylthiazoles and the Wk; triazioes sudi 
as 3^-dial3cyl-4-hydroxyphenyl derivatives of triazinc, sul- 
fur containing derivatives of diaIkyl-4-hydroxy phenyl tri- 
azines, hydroxy phenyl-M^-triazine and the like; ben> 
zoates such as dibenzoate of diphenylol propane, tertiary 
butyl bcnzoatc of diphenylol propane and the like; and 
others siu:h as lower alkyl thiomethylene containing phe- 
nols, substituted benzenes such as l3-bis-(2'-hydroxyben- 
zoyl)benzene, metal derivatives of 3,S-di-t-butyi*4>hydroxy 
phenyl propionic acid, asymmetrical oxalic add, diaryla- 
mides, al^lbydnncy-f henyl-tbioalkanoic acid ester, and 
hindered amines of bipiperidyl derivatives. 

[0167] Preferred UV stabilizers and absorbers, all avail- 
able bom Ciba Geigy, are TinuviD®234 (2-{2H-benzotria- 
zol-2-yl)-4,6-bis(l-methyl-l-phenylelhyl)phenol), Tlou- 
vin®327 (2-(3'^'-di-tert-butyl-2'-hydroxyphenyl)-5 
chlorobenzotriazole), Tmuvin®32S (2-(2'hydroxy-3',5'-di- 
tcrt-amylphcnyl)benzotriazolc), Tmuvin®329 (2-(2'-hy- 
droxy-5'-tcrt-octylphenyl)benzotriazole), Tinuvin (®765 
(bis(l,2,2,6,6-pentamethyl-4-piperidinyl) sebacate), Unu- 
vin®770 (bis(2,2,6,6-lelramethyl-4-piperidinyl) decanedio- 
ate), Tinuvin® 928, (Chimassorb 2020 (1,6-Hexanediamine, 
N, N'-bis(2,2,6,6-tctramcthyl-4-piperidinyl)-polymer, Chi- 
massorb 119 (13,5-Triazioe-2,4,6-triamine,N,N'"-[l,2- 
cthaDe-diyl-bis[[[4,6-bis-[butyl (l,2,2,6,6-penlamcthyl-4- 
piperidinyl)amino]-13f5-lriazine-2-yl]imino]-3,l- 
propanediyl]]bis[N',N"-dibulyl-N',N"-bis(l,2,2,6,6- 
pentamelhyl-4-piperidinyl)-and Chimassorb™944 (N,!^- 
bis(2,2,6,6-telramethyl-4-piperidinyl)- 1 ,6-hexanediamine 
polymer with 2,4,6-trichloro-l,3,5-triazine and 2,4,4-lrim- 
cthyl-1 ,2-pcntanaminc). 

[0168] Preferred thermal stabihzers, all available from 
Ciba Geigy, are IrBanox®259 (hexamethylene bis(3,5-di- 
tert-butyl-4-hydroxyhydrocinnamale), Irganox®1010 (3,5- 
bis(l,l -dimethylethyl)-4-hyroxybcnzenepropanoic acid, 
2,2-bis[[3-{3,5-bis(l,l -dimcthylcthyl)-4-hydroxyphcnyl]- 
l-oxopropoxy]methyl]13-propanediyl ester), Irga- 
nox®1076 (octadecyl 3,5-di-tert-butyl-4-hydroxyhydrocin- 
namate), Iragnox®1098 (N,N'-hexamelhylene bis(3,5-di- 
lert -butyl-4-hydroxyhydrocinnamamide), Irganox®B215 
(33/67 blend of IrganoxtS>1010 with tris(2,4-di-tert-bu. 
tylphenyl)phosphitc), Irganox®B225 (50/50 blend of Irga- 
nox®1010 with lris(2,4-di-tert-butylphcnyl)phosphite), and 
Icganox®B1171 (50/50 blend of [rganox®1098 with tris(2, 
4-di-tett -butylphenyQphosphite). 

[0169] Preferred processing aids inchide aluminum dis- 
teaiate and zinc stearate, particularly zinc stearate. 

[0170] Pigments include both clear pigments such as inor- 
ganic siliceous pigments (silica pi^ents for example) and 



conventional pigments used in coating oompositioos. Con- 
ventional pigments include metallic oxides such as titanium 
dioxide, and iron oxide; metal hydroxides; metal flakes such 
as aluminum flake; cbro mates such as lead chromate; sul- 
fides; sulfates; carbonates; carbon black; silica; talc; china 
clay; phlhalocyanine blues and greens, oigano reds; organo 
maroons and other organic pigments and dyes. Particulariy 
preferred are pigments that are stable at high temperatures. 

[0171] Pigments are generally formulated into a miUbase 
by mixing the pigments with a dispersing resin that may be 
the same as or compatible with the material into which the 
pigment is to be incorporated. Pigment dispersions are 
formed by conventional means such as sand grinding, ball 
milhng, attritor grinding or two-roll milling. 

[0172] Other additives, y/hHc not generally needed or 
used,sudi as fiber glass and mineral fillers, anti-filip agents, 
plasticizers, nucleating agents, and the like, can be incor- 
porated. 

[0173] Preferably, the mixing and the degree of neutral- 
ization for the ionomer-polyamide blend should be sufficient 
to bring about the phase inversion (higher volume percent 
ionomer dispersed in the continuous or co-continuous nylon 
phase) in the mixing equipment. It should be recognized, 
however, that full inversion may not occur in the mixing 
equipment but may result firom fiirther working of the blend 
in injection moldi^ operations for forming plaques and the 
like. 

Tests Used in the Examples 

[0174] The diSerential scanning calorimeter (DSC) cool- 
ing exothenn can easily and quickly be determined and is a 
useful indicator of morphology and the sufficiency of mixing 
conditions for the desired morphology in the ionomer- 
polyamide blend. The DSC cooling cxothcrm will diScr 
depending on the nylon used, but can easily be determined 
by one skilled in the art. Preferably, the DSC cooling 
exothenn when using nylon 6 should be 160' C. to 180" C. 
when cooling is carried out at a rapid rate (e.g. 30° C. min.). 
The presence of this exotherm indicates that the desired 
phase relationship has been achieved. Higher amorphous 
polyamide fractions in the ionomer-polyamide blend will 
reduce this exotherm in enthalpy and temperature. 

[0175] Tensile tests are also useful indicators of the iono- 
mer-polyamide blend product morphology. When the mor- 
phology is correct, the ratio of Tension at Break (Tb) at room 
temperature (23° C.) to Tb at elevated temperature (150* C.) 
preferably is less than about 12 to 15. 

EXAMPLES 

[0176] The following Examples show various aspects of 
this invention. 

[0177] The multilayer sheets in the exanq)les were made 
on a co-extrusion line that has 4 extruders and 5 layer 
capability. The oo-extruder line used was configured as 
desoibed above with a co-extnision feed block for the 
purpose of combining the flows into contacting layers. The 
flows were routed within the feed block so as to combine the 
layers prior to exiting the feed block and going into a coat 
hanger type extrusion die. The combined layers exiting the 
die flow as a molten curtain vertically onto a metal roller just 
prior to a second highly polished counter-rotating roll form- 
ing a nip with the first roll. The sheet contacts the highly 
polished surface for approximately V4 of its circumference 
prior to releasing the soUdifying plastic to a third roll in the 
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takeoff roller system. The sheet is subsequently taken 
through another nip system between rollers, which pulls the 
sheet in the system. The sheet is subsequently rolled onto a 
core creating a roll of sheet or cut to length and stacked. 

Example 1 

[0178] A 2-Iayer strucltire of SurlyniS>9910Bcxloy® 
W720, using a clear Surlyn® top layer and a pigmented 
Bexloy® W720 backing layer was made employing a co- 
extnision line. Surlyn®9910 is a 15 wt % acid (EMAA 
copolymer) which is approximately 50% neutralized. Bex- 
loy® W720 is a polyethylene ionomer blend in whidi the 
polyethylene is a HOPE and the ionomer is an EMAA 
copolymer with 10 wt % acid that is neutralized to approxi- 
mately 70%. The blend is intensively mixed. 

[0179] Table 1 shows the ingredients feeding the 3 extrud- 
eis being used in this case. These ingredients can be indi- 
vidually fed to each extruder or a pre-mixcd blend of these 
components can be fed. 



TABLE 1 




Extruder A 


Extruder B 


Extruder C 


Sheet Layei 


layer 1 (top) 


Layer 3 


Layer! 


Bxtmdei Diameter 


2.5 


2 


15 


(mcfaes) 








Mateiiils: 








Suilyn® 9910 


99% 






Bexloy® W720 




95% 


95% 


UV Ptocessing 


1* 






Additives 








Pigment Qmccntnte 




5« 


5% 


[0180] 










TABLE 2 






/eainDmenl oroceasine conditions") 




Thjnp Selpoint Profiles: 








(•F.) 


Extruder A 


Extruder B 


Extruder C 


Rear Feed Extruder Zone 1 


1 305 


400 


400 


Mid Rear Zone 2 


325 


425 


425 


Mid I^iii Zone 3 


350 


450 


450 


Ei^oat Zone 4 


360 


475 


475 


F^Dat Zone 5 


375 


505 


505 


E^oat Zone 6 


380 


None 


None 


TWufcr PipeJ 


380 


505 


505 


Peedblock 




505 




Bxtmdei screw ipm's: 


IS 


65 


60 


Die (IcS/ctataltigbi) 


500/505/500 






Feed block plug ID 


BBCAA 






TUse off roll lempenUuics 


70" F. 







[0181] The 2 material flows originating in the extruders 
forms a 2 layer sheet. Since 2 extruders are being fed the 
same materi^ the layer thickness in this case are 6 mil for 
extruder A and 27 mil for the combined flows from extruders 
B & C. 

[0182] This sheet can be thermofoimed on a male tool 
with the Bntloy® W720 surface contacting the fonning tool. 
In forming, the Surlyn® surface mi^t change due to 
internal stresses in the sheet resulting in orange peel or a 
mottle appearance in the formerly glossy surface. This 
foimed sheet can then be inserted into an injection tool for 



injection cladding. Bexloy® W720 would be a suitable 
backfilling material which can be injected onto the Bexloy® 
W720 side of the foimed skin. In injection cladding, the 
Surlyn® surface exposed to a polished tool will soften and 
form to the tool surface enhancing the glossy appearance in 
the cladded pan. 

Example 2 

[0183] A 3 Uyer stnicmre of Sarlyn®99910 (clear)/Sur. 
lyn®9910 (pigmenled)/Bexloy® W720, using a clear Sur- 
lyn® top layer, a pigmented Surlyn® under layer and a 
Bexloy® W720 backing layer is made as in example 1. 

[0184] Tabic 3 shows the ingredients feeding the 3 extrud- 
ers being used in this case. These ingredients can be indi- 
vidually fed to each extrader or a pre-mixed blend of these 
components can be fed. 



TABLE 3 




BztniderA 


Bitntder B 


EztruderC 


Sheet Laya 


Layer I (top) 


Uyer 3 


Uyer 2 


Extruder Diameter 


2.5 


2 




(inches) 








Materials: 








Surlyn® 9910 


99% 




90% 


Bexloy® W720 




100« 




UV Processing 


1% 






Additives 








PigOKnt C&Dceatnte 






10% 


[0185] 










TABLE 4 






feroiBinent urocessiag conditiow) 




Temp Selpoint Proflies: 








(•F.) 


Extruder A 


BxtniderB 


ExtitideTC 


Rear Feed Extruder Zone 1 


1 375 


350 


375 


Mid Rear Zone 2 


400 


375 


400 


Mid F^ot Zone 3 


400 


400 


400 


I^oai Zone 4 


400 


500 


400 


Front Zone S 


400 


510 


400 


Front Zone 6 


400 


None 


None 


Transfer Pipes 


400 


510 


400 


Feedbbck 




480 




Extruder screw ipm'a: 


15 


190 


150 


Die (left/centei/right) 


410/510/510 






Feed block plug ID 


BBCAA 






TUcB off roll tes^emtures 


75* P. laigp, 70" P. small 





[0186] The 3 material flov^^ originating in the extraders 
form a 3 layer sheet The layer thicknesses in this case are 
2.5 mil for extruder A (top layer), 8 mil for extrader C 
(middle) and 19 mils for extnidecs B (backing). 

[0187] This sheet can be thennoformed on a male tool 
with the Bexloy® W720 surface contacting the forming tool 
similar to example 1 foimiog. Again in forming, the Surlyn® 
surface might change due to internal stresses in the sheet 
resulting in orange peel or a mottle appearance in the 
formerly glossy surface. This formed sheet can then be 
inserted into an injection tool for injection cladding. Bex- 
loy® W720 would be a suitable backfilling material which 
can be injected onto the Bexloy® W720 side of the formed 
skin. In injection cladding, the Surlyn® surface exposed to 
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a polished lool will softftn and form to the tool suxface 
enhancing the glassy appearance in the cladded part. 

[0188] This example exhibits a clear Siirlyn®/colorBd 
SnrlyndS) system which provides the advantages of color 
matching in Suilyn® iiicspective of the tie layer or backing 
material layer thickness or material. In addition, less pig- 
ment is required to provide a typical color match since 
Snilyn® has high clarity which is advantageous since less 
pigment is needed to hide the opacity of less clear materials. 

Example 3 

[0189] A 4 layer structure of Surlyn®9910 (clear)/Sur- 
lyn®9910 (pigmenied)/co-extruded tie layer/Bexloy® 
W720, using a clear Surlyn® top layer, a pigmented Sur- 
lyn® under layer, a tie layer to improve adhesion between 
layers and a Bcxloy® W720 backing layer was made with 
the equipment and general approach of the preceding 
examples. 

[01 90] Table 5 shows the ingredients feeding the 3 extrud- 
eis being used in this case, llicse ipgredients can be indi- 
vidually fed to each extruder or a pre-mixed blend of these 
components can be fed 

TABLES 



Ext. A 

Layer 1 BxC B Ext. C Ext. D 
Sheet Uyet (top) Layei 4 Layer 2 Layer 3 



Bxtiudei Diameter 


2.5 2 


IJ 




(inches) 








Maleriab: 








SiiiiyB«9910 


99% 


90% 




Bcodoyft W720 


100% 






75% LLDPE»5% EPDM 






100% 


elastomer 








UV Processing 


1% 






Additives 








Fffoicnt Cbncentnte 




10% 




[0191] 










TABLE 6 






feauiomcnt oroceasine conditional 






Tenip Se^int Profiles: 








(•F.) 


Ext. A Bxt D 


Ext. C 


&rt.D 


Rear Feed Extnider Zone 1 


375 350 


375 


375 


Mid Re&x Zone 2 


400 375 


400 


400 


Mid Front Zone 3 


400 400 


400 


400 


Iroat Zone 4 


400 500 


400 


400 


Ftotsl Zone 5 


400 510 


400 


400 


F^OQt Zone 6 


400 none 


none 


None 


Tnuiifer Pipes 


400 510 


400 


400 


Feedblock 


4ao 






Bxtnider screw ipn'si 








Die (tefi/ceoiei/iight) 


410/510/510 






lUoB off roll ten^erBtnres 


75- F. laige, 70' F. small 





[0192] The 4 material flows originating in the extruders 
form a 4 layer sheet. The layer thicknesses in this case are 
2.5 mil for extnider A (top layer), 8 mil for extruder C 
(middle) and 2 mils for extruder D and 17.5 mils for extruder 
B (backing). 



[0193] This sheet can be thermoformed on a male tool 
with the Bexloy® W720 surface contacting the forming tool 
similar to example 1 forming. Again in forming, the Surlyo® 
surface might change due to internal stresses in the sheet 
resulting in orange peel or a mottle appearance in the 
formerly glossy surface. This formed sheet can then be 
inserted into an injection tool for injection cladding. Bex- 
loy® W720 would be a suiuble backfilling material which 
can be injected onto the Bexloy® W720 side of the formed 
skin. In injection cladding, the Surlyn® surface exposed to 
a polished tool will soften and form to the tool surface 
enhancing the glossy appearance in the cladded part. 

[0194] This example again exhibits a clear ionomer/ col- 
ored ionomer system with its advantages mentioned previ- 
ously. 

Example 4 

[0195] In manner similar to that described above, the 
following multilayered structures can be made: 

[0196] For HDPE backing looomer/Ionomer (pig- 
mented)/tieyHDPE 

[OlS^] For TPO backing lonomer/Ionomer (pig- 
mented)/tie/rPO 

[0198] For PE backing lonomer/Ionomer (pig- 

mented)/ae/PE 

[0199] For nylon backing lonomer/Ionomer (pig- 
mented)/Ue/nylon 

[0200] For PET backing lonomer/Ionomer (pig- 

mented)/tie/PET 

[0201] For ABS backing lonomer/Ionomer (pig- 
mented)/tie/ABS 

[0202] In a similar fashion, the pigmented Ionomer layer 
can be eliminated if the tie arid/or backing layers are 
pigmented. 

[0203] Note: backing substrates may be added by filling, 
foaming, compression molding or by other processes. 

Example 5 

[0204] In a manner similar to that described above, iono- 
mer-polyamide structures can be made. The simplest of 
these structures will be of the form: ionomer<polyamide 
(pigmenled)/tie layer/backing layer. 

[0205] Examples with ionomer-polyamide surface layers 
with the following structures are: 

[0206] For HDPE backing ionomer-polyamidc (pig- 
mented)//tie/HDPE 

[0207] For TPO backing ionomer-polyamide ^ig- 
mcntcd)//tic/TPO 

[0208] For PE backing ionomer-polyamide (pig- 
mcnted)//tie/P£ 

[0209] For nylon baddng ionomer-polyamide (pig- 
mente^//tie/nybn 

[0210] For PET backing ionomer-polyamide (pig- 
mentcd)//tie/PET 
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[0211] For ABS backing ionomer-polyamide (pig- 

memcd)//tie/ABS 

[Q212] Note: baddog substrates may be filled, foamed, 
comprcssioii molded or applied by other processes. 

[Q213] For making a thermoplastic multilayer ionomer- 
polyamideAie/lTO sheet, the following processing condi- 
tions can be used. Surlyn® Reflections SG201U white 
M26106O is an ionomer-polyamide blend with white color 
compounded into the resin, EP94S92-116 adhesive layer is 
blend of polypropylene copolymer resin, anhydride modi- 
fied polypropylene and elastomer resin. Solvay TPO ElSOl 
is a rubber modified polypropylene copolymv. 



TABLE? 





Extruder A 


Extruder B 


Extruder C 


Sheet Layei 


Layer 1 (lop) 


Layer 3 


Layer 2 


Bitnidez Oumeter 0nch£s) 


2.5 


2 


1.5 


Materials: 








SuAyn (S Reflections 


100% 






SG201L) white M261060 








EP94592-116 adhesive 






100% 


layet 








SkilvayTPOElSOl 




100ft 


8 


Laya Thidmess (mils) 


9 


3 


[0214] 










TABLES 






feauiDment orocessiniE cosditkias) 




Temp Setpoint Profiles: 








(•P.) 


Extruder A 


Extruder B 


ExtniderC 


Rear Feed Extnider Zone 1 


410 


400 


350 


Mid Rear Zone 2 


450 


450 


350 


Mid Pzont Zone 3 


480 


475 


400 


Pzont Zone4 


460 


500 


410 


Front Zone S 


480 


510 


420 


From Zone 6 


480 


noae 


none 


TVansfer Pq>ca 


480 


510 


420 


Feedblock 




510 




Bxtrudez tcrew ipm'a: 


40 


45 


55 


Die (lefVcentei/iight) 


510/510/510 






Feed block plug ID 


BBCAA 






Take off roll temperatnies 


Plimsry Otoss roll: 180° P.; 






Seoonibry rolls: 120* F. 





Example 6 

[021S] In systems employing ionomer as the top layer and 
systems employing ionomer-polyamide blends, recycle may 
be incorporated. For the piirpose of this example, the lono- 
mer/Ionomer (pigmented) or looomer-Polyamide-Blend 
(pigmented) top layers are referred to as the "Top system- 
.""Recycie+backing" represents that the recycle is included 
in the backing material. Typical structures which might be 
employed with recycle are as follows: 

[0216] Top systcm/tieAccycle+badciDg 

[0217] Top system/tie/recycle/tie 

[0218] Top syslem/tie/recyclc/tie/backing 

[0219] Having thus described and exemplified the invoi- 
tion with a certain degree of particularity, it shouU be 



appreciated that the following claims are not to be so limited 
but are to be afibrded a scope commensurate with the 
wording of each element of the claim and equivalents 

thereof. 

I claim: 

1. A multilayer fibn or sheet comprising: 

a. ) a first co-extruded polymeric layer consisting essen- 
tially of ionomer; and 

b. ) at least one co-extruded second polymeric layer 
selected from the group consisting of ionomer, iono- 
mer-polyethylene blend, and ionomer-polyamide blend 
in contact with said first co-extiuded polymeric layer. 

2. Amultilayer film or sheet of claim 1 further comprising 
at least one additk)nal co-extruded third polymeric layer in 
oonUct with said second co<xtruded polymeric layer. 

3. A multilayer fihn or sheet of claim 1 or 2 herein said 
ionomer consisting essentially of a copolymer derived from 
ethylene and a,p-ethenically uosamrated CIj to Cg caiboxy- 
lic acid wherein said copolymer is partially neutralized with 
metal ions. 

4. A multilayer film or sheet of claim 1 or 2 wherein said 
ionomer-polyamide blend consists essentially of one or 
more polyamide which forms a continuous phase or co- 
continuous phase with one or more ionomer dispersed 
therein, said ionomer is present in the range from 60 to 40 
weight percent and said polyamide is present in the range 
from 40 to 60 weight percent based on the total weight of 
ionomer and polyamide, said ionomer consisting essentially 
of a copolymer derived from ethylene and a,p-€thenically 
unsaturated C3 to C8 carboxylic acid wherein said copoly- 
mer is partially neutralized with metal ions; wherein the 
average add content of copolymer prior to neutralization is 
present in a sufficiently high percenuge such that neutral- 
ization in the range of 55 to 100 mole percent of the acid 
present at melt temperature with one or more metal cations 
increases the viscosity of the ionomer above that of the 
polyamide. 

5. A multilayer film or sheet of claim 1 or 2 wherein one 
or more of said co-extruded polymeric layers contain pig- 
ments, dyes, flakes, or mixtures thereof. 

6. A multilayer fihn or sheet of claim 1 or 2 wherein said 
first co-extruded polymeric layer is clear and said co- 
extruded second polymeric layer contains pigments, dyes, 
flakes, or mixtures thereof. 

7. A multilayer film or sheet comprising: 

a. ) a first co-extruded polymeric layer consisting essen- 

tially of ionomer; and 

b. ) at least one co-extruded second polymeric layer con- 
sisting essentially of very low density polyethylene in 
contact with said first co-extruded polymeric layer. 

8. Amultilayer film or sheet of claim 7 further comprising 
at least one additional co-cxtmdcd third polymeric layer in 
contact with said second co-cxtrudcd polymeric layer. 

9. A multilayer fihn or sheet of claim 7 or 8 wherein said 
ionomer consisting essentially of a copolymer derived from 
ethylene and a,p-cthenically unsaturated C, to Cg carboxy- 
lic acid viierein said copolymer is partially neutralized with 
metal ions. 

10. A multilayer film or sheet of claim 7 or 8 wherein one 
or more of said co-extruded polymeric layers contain pig- 
ments, dyes, flakes, or mixtures thereof. 
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11. A multilayer film or sheet of claim 7 or 8 wherein said 
first co-extruded polymeric layer is dear and said co- 
extruded second polymeric layer contains p^enis» dyes, 
flakes, or mixtures thereof. 

12. A multilayer film or sheet comprising: 

a. ) a first co-extruded polymeric layer consisting essen- 

tially of ionomer; and 

b. ) at least one co-extruded second polymeric sheet layer 
consisting essentially of ethylene polar copolymer in 
contact with said first oo-extrudcd polymeric layer. 

13. A multilayer film or sheet of daim 12 further com- 
prising at least one additional co-extruded third polymeric 
layer in oonUct with said second co-extiuded polymeric 
layer. 

14. A multilayer fihn or sheet of claim 12 or 13 wherein 
said ionomer consisting essentially of a copolymer derived 
from ethyloie and a,P-ethenically unsamrated to Q 
carboxylic add wherein said copolymer is partially neutral- 
ized with metal ions. 

15. A multilayer fihn or sheet of claim 12 or 13 wherein 
one or more of said co-extruded polymeric layers contain 
pigments, dyes, flakes, or mixtures thereof. 

16. A multilayer film or sheet of claim 12 or 13 wherein 
said first co-extiuded polymeric layer is clear and said 
co-extnided second polymeric layer contains pigments, 
dyes, flakes, or mixtures thereof. 

17. A multilayer film or sheet comprising: 

a. ) a first co-extrusion polymeric layer consisting essen- 

tially of ionomer-polyamide blend; and 

b. ) at least one additional co-cxtruded secoad polymeric 
layer in contact with said fiurst co-extrude polymeric 
layer. 

18. A multilayer film or sheet of claim 17 wherein said 
ionomer-polyamide blend consists essentially of one or 
more polyamide which forms a continuous phase or co- 
continuous phase with one or more ionomer dispersed 
therein, said ionomer is present in the range from 60 to 40 
weight percent and said polyamide is present in the range 
from 40 to 60 weight percent based on the total weight of 
ionomer and polyamide, said ionomer consisting essentially 
of a copolymer derived from ethylene and a,P-ethenically 
unsaturated C3 to Cg carboxylic add wherein said copolymer 
is partially neutralized with metal ions; wherein the average 
add content of copolymer prior to neutratization is present 
in a sufficiently high percentage such that neutralization in 
the range of 55 to 100 mole percent of the acid present at 
melt temperature with one or more metal cations increases 
the viscosity of the ionomer above that of the polyamide. 

19. A multilayer fihn or sheet of claim 17 or 18 wherein 
one or more of said co-extruded polymeric layers contain 
pigments, dyes, flakes, or mixtures thereof. 

20. A multilayer fihn or sheet of claim 17 or 18 wherein 
said first co-cxtrudcd polymeric layer contains pigments, 
dyes, flakes, or mixtures thereof. 

21. A multilayer fihn or sheet of claim 17 or 18 wherein 
said second co<xtrudcd polymeric layer is selected from the 
group consisting of ionomer, ionomcr-polycthylcne blend, 
ionomer-polyamide blend, very low density polyethylene, 
ethylene polar copolymer, and blends thereof. 

22. A process for making shaped article having an iono- 
mer or ionomer-polyamide blend as a top surface compris- 
ing the steps o£: 



c. ) positioning a monolayer sheet of ionomer or ionomer- 
polyamide blend or a multilayer co-extruded sheet into 
a mold, wherein the thickness of said monolayer sheet 
or said multilayer sheet is firom 8 to 60 mils and 
wherein said multilayer sheet comprises; 

i. ) a first co-extruded polymeric layer selected from the 

group consisting of ionomer and ionomer-polyamide 
blend; and 

ii. ) at least one additional co-extraded second poly- 
meric layer in contact with said first co-extiuded 

polymeric layer, and 

d. ) injection backfilling said monolayer sheet or multi- 
layer co-extruded sheet with a suitable backfilling 

matcriaL 

23. A process according lo claim 22 wfaerem said multi- 
layer sheet comprises; 

(vii) a first co-extruded polymeric layer consisting essen- 
tially of ionomer; 

(viii) a second co-extruded polymeric layer selected from 
the group consisting of ionomer and ionomer-polya- 
mide blend in contact with said first co-extrude poly- 
meric layen and 

(ix) at least one additional co-extruded third polymeric 
layer in contact with said second co-extrude polymeric 
layer. 

24. A process of claim 22 or 23 wherein said ionomer 
consisting essentially of a copolymer derived from ethylene 
and a,p-ethenically unsaturated C3 to carboxylic acid 
wherein said copolymer is partially neutralized with metal 
ions. 

25. A process of claim 22 or 23 wherein said ionomer- 
polyamide blend consists essentially of one or more polya- 
mide which forms a continuous phase or co-continuous 
phase with one or more ionomer dispersed therein, said 
ionomer is present in the range torn 60 to 40 weight percent 
and said polyamide is present in the range from 40 to 60 
weight percent based on the total weight of ionomer and 
polyamide, said ionomer consisting esseiUially of a copoly- 
mer derived from ethylene and a,p-etheiiically unsaturated 
Cj to Cg carboxylic add wherein said copolymer is partially 
neutralized with metal ions; wherein the average add con- 
tent of copolymer prior to neutralization is present in a 
suffidently high percentage such that neutralization in the 
range of 55 to 100 mole percent of the acid present at melt 
temperature with one or more metal cations increases the 
viscosity of the ionomer above that of the polyamide. 

26. A process of claim 23 wherein said first co-cxtruded 
polymeric layer is clear and said co-cxtrudcd second poly- 
meric layer contains pigments, dyes, fiakcs, or mixtures 
thereof. 

27. A process of claim 22, 23, or 26 further comprising the 
step of thermoforming said multilayer co-cxtrudcd sheet 
prior to positioning said sheet in a mold and injection 
backfilling. 

28. A process of claim 27 wherein the top surface of said 
shaped article has a Distinctness of Image (DOI) of at least 
80 and a gloss that exceeds 60% at a 20 degree angle. 

29. A process of claim 22, 23 or 26 wherein said suitable 
backfilling material is selected from the group consisting of 
thermoplastic polyolefins, polyesters, sheet molding com- 
pounds (SMQ, acrylonitrile butyl styrene, polyvinyl chlo- 
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ride, polystyrene, polyure thane, low density polyethylene, 
linear low density polyethylene, high density polyethylene, 
and mixtures thereof. 

30. A process of claim 22, 23, or 26 wherein said 
multilayer sheet further comprises one or more co-extruded 
polymeric tie layers selected from the group consisting of: 
blends of polyethylene, ethylene/alpha-olefin copolymer, 
and ethylene elastomer; ethylene vinyl acetate; ethylene 
(mcth)acrylate copolymer; ethylene butyl acrylatc copoly- 
mer; polyethylene tecephthalatc and polyethylene terepbtha- 
late glycol copolymer resins; maleic anhydddc modified 
polypropylene; copolymers containing anhydride grafts and 
mixture thereof. 

31. A process of claim 22 \dicrein said multilayer sheet 
comprises oo-cxtruded polymeric layers selected from tiie 
group consbting of: 

ionomer monolayer (clear or pigmented); 

ionomer-polyamide blend monolayer (pigmented); 

ionomer (clear)/polyethylene-ionomer blend (pig- 
mcnted); 

ionomer (clcar)/polycthylcnc-clastomer blend (pig- 
mented); 

ionomer (clear)Aonomer (pigmented)/ethylene copoly- 
mer; 

ionomer (clcar)Aonomer (ptgmentod)/very low density 
polyethylene; 

ionomer (clear)/ethylene acid copolymer (pigmented)/ 
very low density polyethylene pigmented); 

ionomer (clear)/6thylene acid copolymer (pigmented)/ 
very low density polyethyleae/olefinic thermoplastic; 

ionomer (pigmented)/ionomer (pigmented)/ethyleiie add 
copolymer; 

ionomer (pigmented)/cthyleae add copolymen 

ionomer (pigmented)/terpolymer ethylene-add-acrylate 
(pigmented)/olefinic thermoplastic; 

ionomer (pigmented)/terpolymer ethylene-acrylate-gly- 

cidal methacrylate (pigmenled)/olefinic thermoplastic; 

ionomer (clcar)/terpolymcr cthylene-acid-acrylate ^ig- 
mcnted)/olefinic thermoplastic; 

ionomer (clear)/terpolymer ethylene-acrylate-glycidal 
methacrylate (pigmented)/olefinic thermoplastic; 

ionomer (clear)/ionomer (pigmcnted)/tcrpolymer ethyl- 
cnc-acrylate-glycidal methacrylate/olefinic thermo- 
plastic; 

ionomer (clear)/ethylene-acrylate copolymer (pig- 
mented)/ethylene copolymer; 

ionomer (clear)/ionomer (pigmented)/elhylene copoly- 
mer/polyethylene; 

ionomer (clear)/iooom6t(pigmcnted)/ethylaie copoly- 
mer/polyesta copolymer; 

ionomer (clear)/ionomer (pigmented)/polyamide (pig- 
mented); 

ionomer (clear)/ionamer (pigmented)/tic layer ^ig- 
mented)/Uieimoplastic polyolefin; 



ionomer (clear)/iooomer (pigmented)/tie layer/thermo- 
plastic polyolefin (pigmented); 

ionomer (clcar)^onomcr(pigmcntcd)/polyethylene-iono- 
mer blend; 

ionomer (dear)/ionomer(pigmented)AieMitrile copoly- 
mer; 

ionomer-polyamide blend/tic/thetmoplastic polyolefin; 

ionomer-polyamide blend/tie/polyester copolymer; 

ionomer-polyamide blend/lie/nitrile copolymer; 

ionomer-polyamide blcnd/polyamide copolymer, 

ionomer (clear)^onomer (pigmented)/tie layer/thermo- 
plastic polyolefin; » 

ionomer/ionomer (pigmented) tie layer polyester copoly- 
mer; 

ionomerAonomer (pigmcntcd)/tic layer/polyester copoly- 
mer, 

ionomery^lyamide (pigmenied)/tie layer/^olyester, 

ionomery^olyamide (pigmented)/tic layei/recycle^olyes- 
tcr copolymer; and 

ionomer/ionomer (pigmented)/Ue layer/recycle/tie layer/ 
polyester copolymer. 

32: A process of claim 22, 23, or 26 wherein said 
multilayer sheet further comprises one or more additional 
co-extruded polymeric layers containing recycled polymer. 

33. A process for making a thermoformed, multilayer, 
sheet-surfaced article comprising the steps of: 

c) positioning a multilayer sheet into a mold, wherein the 
thickness of said multilayer sheet is from 8 to 60 mils 
and wherein said multilayer sheet comprise^ 

l) a first co-extruded polymeric layer selected from the 
group consisting of ionomer and ionomer-polyamide 
blend; and 

ii.) at least one additional oo-extiuded second poly- 
meric layer in contact with said first co-extrude 
polymeric layer, and 

b. ) raising the temperature of said sheet suffidently to 
soften said multilayer sheet; and 

c. ) conforming said softened sheet to the contoured sur- 

face of a substrate in the mold. 

34. A process according to claim 33 wherein said multi- 
layer sheet comprises; 

(x) a first co-extruded polymeric layer consisting essen- 
tially of ionomer; 

(xO a second co-extruded polymeric layer selected from 
Uie group consisting of ionomer and ionomer-polya- 
mide blend in contact with said first oo-extruded poly- 
meric layer; and 

(xii) at least one additional co-cxtnidcd third polymeric 
layer in contact with said second co-extrude polymeric 
layer. 

35. A process of claim 33 or 34 wherein said multilayer 
sheet is pre-heated to soften said sheet prior to positioning 
into a mold. 
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36. The process of claim 35 herein the mold has a deep 

draw. 

37. The process of claim 33 or 34 wherein ihe conforming 
of step (c) is at a sufScient pressure within the mold to form 
an article wherein the surface layer of said article closely 
replicates the surface finish of the mold. 

38. The process of claim 37 wherein the mold is highly 
polished so as to provide a high gloss surface attribute on 
said article. 

39. The proce&s of claim 37 wherein the mold is textured 
so as to provide a textured surface on said article. 

40. The process of claim 35 wherein the conforming of 
step (c) is at a sufficient pressure within the mold to &rm an 
article wherein the surface layer of said article closely 
replicates the snr£ace finish of the mold. 

41. The process of claim 40 wherein the mold is hi^y 
polished so as to provide a high gloss surface attribute on 
said article. 

42. The process of claim 40 wherein the mold is textured 
so as to provide a textored surface on said article. 

43. An article consisting essentially of a substrate to 
which a multilayer film or sheet is adhered, wherein said 
multilayer film or sheet comprises: 

a. ) a first co-extruded polymeric layer consisting essen- 

tially of ionomer; and 

b. ) at least one co-cxtrudcd second polymeric layer 
selected from the group consisting of ionomer, iono- 
mcr-polycthylcnc blend, and ionomer-polyamidc blend 
in contact with said first co-cxtruded polymeric layer. 

44. A article of claim 43 wherein said multilayer fihn or 
sheet further comprises at least one additional co-extruded 
third polymeric layer in contact with said second co-ex- 
truded polymeric layer. 

45. An article consisting essentially of a substrate to 
which a multilayer film or sheet is adhered, herein said 
multilayer film or sheet comprises: 

a. ) a first co-extruded polymeric layer consisting essen- 

tially of ionomer; and 

b. ) at least one co-extruded second polymeric layer con- 
sisting essentially of very low density polyethylene in 
contact with said first oo-extnided polymeric layer. 



46. A article of claim 45 wherein said multilayer film or 
sheet further comprises al least one additional co-extiuded 
third polymeric layer in contact with said second co-ex- 
truded polymeric layer. 

47. An article consisting essentially of a substrate to 
whidi a multilayer film or sheet is adhered, wherein said 
multilayer fihn or sheet comprises: 

a. ) a first co-extruded polymeric layer consisting essen- 

tially of ionomer; and 

b. ) at least one co-extruded second polymeric sheet layer 
consisting essentially of ethylene polar copolymer in 
contact with said first co-extruded polymeric layer. 

48. A article of claim 47 wherein said multilayer film or 
sheet further comprises at least one additional co-cxtiuded 
third polymeric layer in contact with said second co-cx- 
truded polymeric layer. 

49. An article consisting essentially of a substrate to 
which a multilayer film or sheet is adhered, wherein said 
multilayer fikn or sheet comprises: 

a. ) a first co-extrusion polymeric layer consisting essen- 

tially of ionomcr-polyamide blend; and 

b. ) at least one additional co-extiudcd second polymeric 
layer in contact with said first co-extnide polymeric 

layer. 

50. A article of claim 49 wherein said multilayer film or 
sheet further comprises at least one additional co-extruded 
third polymeric layer in contact with said second co -ex- 
truded polymeric layer. 

51. An article in any of claims 43-50 wherein the substrate 
is selected from the ^oup consisting of metal, polymer, and 
polymer composite. 

52. An article in any of claims 43^0 \^erein the substrate 
has a printed design or pattern and said multilayer film or 
sheet is clear. 

53. An article in any of claims 43-50 wherein one or more 
of said co-extruded polymeric layers contain pigments, dyes, 
flakes, or mixtures thereof. 

♦ ♦ ♦ ♦ ♦ 
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